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Abstract: Hydride formation in metals is a widely studied and applied phenomenon necessary to 

transition to clean energy solutions and various technological applications. We focus on three 

perspective applications of these materials, namely near-ambient hydrogen storage, hydrogen 

storage compressor materials, and alkali metal conversion electrodes, to demonstrate acceleration 

in the research achieved by utilizing a data-driven approach. Graph neural network was 

developed using a transfer learning approach from the MEGNet model and data related to the 

thermodynamics of hydride formation obtained in experimental work. Based on the crystal 

structure and composition as input features, we apply the MetalHydrideEnth model developed 

in our previous work to predict hydride formation enthalpy in intermetallic compounds. In this 

work, we focus on demonstrating how this approach, combined with available crystal 

information obtained from density functional theory calculations, can be applied for fast and 

extensive searches of novel metal hydride materials, having in mind the above-listed 

applications.  

Keywords: metal hydride, GNN, hydrogen storage, DFT, conversion-type anode 

 

 

1. Introduction  

 

The storage of hydrogen, a clean energy vector, is essential in adopting various 

renewable energy use cases. Storing hydrogen by chemical bounding in the metals is a 

widely studied and applied method that offers safe and efficient storage [1]. In addition, 

specific applications, including metal hydride-based compressors and alkali metal 

hydride electrodes, also depend on tuning the stability of metal hydrides [2]. Metal 

hydrides form reversibly during hydrogen sorption in the metal/intermetallic 

compound. The enthalpy change (expressed in kJ/molH2) in the hydride formation 

reaction determines the metal hydride's applicability [1]. 

Data-driven science as the 4th paradigm in materials science [3] has led to the rapid 

development of materials informatics, and dedicated machine learning approaches for 

materials design [4]. Although several exciting machine learning models were 

developed to predict the capacity and thermodynamical features of the metal hydride 

http://iccbikg.kg.ac.rs/
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materials, in this work, we focus on the model based on the graph neural network 

implementation for the crystal materials, MEGNet, which demonstrated low prediction 

errors in a broad array of properties in both molecules and crystals, enabling hydride 

formation energy prediction with DFT accuracy [5]. Using a transfer learning approach 

and a combination of DFT crystal structures and experimentally measured enthalpies of 

hydride formation, the MetalHydrideEnth [6] model was developed in our recent work 

[7]. We perform a large-scale screen of a Material Project database [8] for possible metal 

alloy compositions, predict the enthalpy of hydride formation, and discuss the findings 

considering these materials' applications. 

,  

2. Methodology 

 

Elemental embeddings are adopted from the mp-2019.4.1 model [15] (trained on a data 

set containing 133,420 data from the Materials Project (MP) [8]). The model comprises 2 

MEGNet blocks (each with two dense layers with 12 and 8 nodes per attribute) trained 

on the dataset containing experimental heats of forming various metal hydrides paired 

with the composition and crystal structure of the corresponding metal/intermetallic 

compound [7]. In particular, the structural features and chemical composition of 

metal/intermetallic compounds are transformed into an index-type graph and used to 

predict the heat of hydride formation. The model showed an MAE of 9.1 kJ/molH2 for 

predicting hydride formation enthalpy of arbitrary intermetallics [7]. We used the 

Materials Project database [8] to provide the composition and crystal structure of the 

metal/intermetallic compound; the database was queried using pymatgen API [9].  

 

3. Results 

 

3.1 Near ambient hydrogen storage and conversion type anodes for Li-ion batteries 

 

For hydrides to reach an equilibrium pressure of 1 bar at 300K, classifying them as 

suitable for near-ambient hydrogen storage, an enthalpy change of -39.2kJ/molH2 in the 

hydride formation reaction is required [1]. In addition, high stability of the material and 

friendly use are desired to maintain multiple sorption cycles. A low intermetallic mass is 

a starting point for obtaining a high gravimetric density of stored hydrogen. The highest 

stability of the proposed intermetallics was requested by limiting the search to 

intermetallics having formation energy per atom at the convex hull of thermodynamics. 

The second condition is met by adopting restrictions in terms of compositions: we 

excluded alloys containing exotic, radioactive, or highly toxic elements, and for these 

applications, we focus on the Mg-containing intermetallics. This narrowed the metal 

alloy compositions from over 19000 intermetallics containing Mg to 433 stable 

intermetallics satisfying the above conditions. Fig.1 displays the predicted enthalpy of 

hydride formation in these intermetallics as a function of the stability of the alloy itself. 

Thirty-two potential candidates [10] are identified as suitable for near ambiental storage 

(fig.1., orange shaded). At the same time, the stability of corresponding metal alloys, 
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shown as formation energy per atom of the alloy, is found in the range -0.8eV to 0eV. 

We examine the same batch of materials for conversion-type anode materials in Li-

ion batteries. MgH2 conversion electrodes improve capacity and density while alloying 

Mg improves durability and enables the selection of suitable working potentials. 

 
Figure 1. Fig.4. Predicted enthalpy of hydride formation and equilibrium potential vs. Li+/Li0 as a 

function of formation energy per atom in the intermetallic compound. 

 

For negative electrodes in Li-ion batteries, the safe potential range is 0.1–0.5 V versus 

Li+/Li0. Potential vs. Li+/Li0 is calculated from the known changes in Gibbs free energy in 

the formation of LiH and metal hydride [11]. A wide range of potentials related to the 

Mg-containing intermetallics can be obtained (Fig. 1). Hydrides of the same or higher 

stability as compared to MgH2 are needed, and a total of 244 potential candidates [10] 

are selected for this application (shaded blue, fig.1.).               

 

3.2 Metal hydride compressor materials 

 

An additional search is done for high-pressure hydrogen output materials. In particular, 

AB2 intermetallics (A=Ti, Zr and B= Mn, Cr, Co) are assessed for utilization in metal 

compressors. To be used for this application, the lower stability of hydride is required as 

compared to storage materials. Table 1 lists predicted enthalpies of hydride formation in 

these materials, enabling the structural and compositional tuning of hydride stability. 

 
Table 1. Predicted enthalpies of hydride formation for high-pressure hydrogen output materials 

 
H 

(kJ/molH2) 

A= Ti Zr 

ACr2 
-19.9 Laves phase 

-19 cubic 
-41.0 Laves phase 

-39.4 cubic 
AMnCr -18.3 -35.3 

ACo2 
-15.8 Laves phase 

-14.1 cubic 
-26.2 cubic 
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3. Conclusions 

 

We demonstrate the application of a dedicated machine learning model for fast 

screening of intermetallic compounds based on the stability of their hydrides. Based on 

the structural features and composition of intermetallic compounds we are able to 

predict their behavior in 3 various systems – near ambient hydrogen storage, high-

pressure hydrogen output materials, and conversion-type electrodes in Li-ion batteries. 
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